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PROBLEM TO BE SOLVED: To reduce propagation loss by forming 
an interdigital electrode of an electrode material, consisting principally 
of Au on a substrate made of LiTa03 whose Euler angle is within a 
specific range to standardized film thickness in a specific range. 
SOLUTION: A surface wave resonance element 1 is constituted by 
forming an interdigital transducer(IDT) 3, composed of one interdigital 
electrode on the piezoelectric substrate 2 made of LiTa03 single 
crystal with an Euler angles (0, 125 to 146°, 0±5°) and reflectors 4 on 
both its sides. The IDT 3 is formed of an electrode material, consisting 
principally of at least one of Au, Ag, Ta, Mo, Cu, Ni, Cr, Zn, and W. 
Electrode fingers constituting the comb-tooth part of the IDT 3 are set 
with so as to have their standardized film thickness HA (electrode 
thickness/wavelength of excited SH wave) set between 0.001 and 
0.05. Consequently, the electrode fingers can be formed to smaller 
electrode film thickness, while the propagation loss is reduced. 
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PROBLEM TO BE SOLVED: To reduce propagation loss by forming an 
interdigital electrode of an electrode material, consisting principally of Au on a 
substrate made of LiTa03 whose Euler angle is within a specific range to 
standardized film thickness in a specific range. 

SOLUTION: A surface wave resonance element 1 is constituted by forming an 
interdigital transducer(IDT) 3, composed of one interdigital electrode on the 
piezoelectric substrate 2 made of LiTa03 single crystal with an Euler angles (0, 
125 to 146°, 0±5°) and reflectors 4 on both its sides. The IDT 3 is formed of an 
electrode material, consisting principally of at least one of Au, Ag, Ta, Mo, Cu, Ni, 
Cr, Zn, and W. Electrode fingers constituting the comb-tooth part of the IDT 3 are 
set with so as to have their standardized film thickness H/A (electrode 
thickness/wavelength of excited SH wave) set between 0.001 and 0.05. 
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Consequently, the electrode fingers can be formed to smaller electrode film 
thickness, while the propagation loss is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 146 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Au as a principal component, and being formed in standardization thickness 
H/lambda =0.001-0.05. 

[Claim 2] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 140 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Ag as a principal component, and being formed in standardization thickness 
H/lambda =0.002-0.05. 

[Claim 3] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 140 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Ta as a principal component, and being formed in standardization thickness 
H/lambda =0.002-0.05. 

[Claim 4] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 134 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Mo as a principal component, and being formed in standardization 
thickness H/lambda =0.005-0.05. 

[Claim 5] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 



which are (0 degree, 125 degrees - 137 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Cu as a principal component, and being formed in standardization thickness 
H/lambda =0.003-0.05. 

[Claim 6] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 133 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses nickel as a principal component, and being formed in standardization 
thickness H/lambda =0.006-0.05. 

[Claim 7] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 147 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Cr as a principal component, and being formed in standardization thickness 
H/lambda =0.003-0.05. 

[Claim 8] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 137 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses Zn as a principal component, and being formed in standardization thickness 
H/lambda =0.003-0.05. 

[Claim 9] It is surface wave equipment characterized by being what excites an 
SH wave by an Eulerian angle's consisting of IDT formed on LiTa03 substrate 
which are (0 degree, 125 degrees - 138 degrees, 0 degree **5 degrees), and 
said LiTa03 substrate, and said IDT's consisting of an electrode material which 
uses W as a principal component, and being formed in standardization thickness 
H/lambda =0.002-0.05. 

[Claim 10] Transmitter equipment characterized by using surface wave 
equipment according to claim 1 to 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the surface wave 
equipment using an SH wave about surface wave equipments, such as a surface 
wave resonator, a surface wave filter, and a common machine. 
[0002] 

[Description of the Prior Art] Conventionally, the surface wave resonator is widely 
used for the band-pass filter of mobile communication equipment etc. Surface 
wave equipments, such as a surface wave filter using the surface wave resonator 
which has the structure in which IDT (INTADIJITARU transducer) which consists 
of the Kushigata electrode arranged as one of such the surface wave resonators 
so that an electrode finger may cross mutually was formed on the piezo-electric 
substrate, or this surface wave resonator, are known well. 
[0003] The technique of changing the large leakage surface acoustic wave of the 
attenuation an Eulerian angle spreads [ attenuation ] LiTa03 substrate of (0 
degree, -90 degrees, 0 degree) to a piezo-electric substrate into the surface 
wave of the Love wave mold which does not have propagation attenuation by 



constituting IDT of predetermined thickness with the large metal of a mass load 
like Au, Ta, and W on the substrate front face as such surface wave equipment is 
known. 

[0004] Drawing 1 1 is drawing having shown how an electromechanical coupling 
coefficient k would change by thickness H/lambda (electrode layer thickness / 
wavelength of a surface wave excited) of Au electrode, when Y cut X propagation, 
i.e., an Eulerian angle, forms Au electrode on the LiTa03 substrate of (0 degree, 
-90 degrees, 0 degree). 

[0005] It turns out that the leakage surface acoustic wave has arisen [ the 
thickness of Au electrode ] less than [ H/lambda =0.03 ], and the Love wave has 
arisen more than by H/lambda =0.04 as shown in drawing 11 . Drawing 12 is the 
same conditions as drawing 11 , and is the property Figs, having shown the 
propagation loss (attenuation coefficient) of a leakage surface acoustic wave. In 
addition, the electrode shows the propagation loss [ in / an electrode a 
continuous line, and / in a dotted line / an open condition ] electrically. [ a short 
circuit condition ] As shown in drawing 1212 , electrically, in the state of a short 
circuit, H/lambda = 0.044-side Rika propagation losses become H/lambda = 
0.033-side Rika et al. and an electric target, and have become 0 in the state of 
disconnection. Therefore, in order to use the surface wave of an SH wave mold 
without a propagation loss, it was based on the duty ratio of IDT, and also at the 
lowest, thickness of Au electrode in the case of being in a short circuit condition 
electrically needed to be made thicker than H/lambda =0.033. Moreover, for 
example, in the case of ingredients, such as Ta and W, since the consistency 
was smaller than Au, still bigger thickness than H/lambda =0.033 was needed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since production precision 
fell, thickness was seldom able to be thickened, so that it thickened, when 
thickening thickness of IDT. when it was until for example, Au to some extent, 
thickness was not made thicker than H/lambda =0.033 and surface wave 
equipment was seen from the point of a propagation loss, the propagation loss 



had the problem that it was not set to 0. 

[0007] Moreover, although [ thickness H/lambda (electrode thickness / 
wavelength of an SH wave excited) which can form the electrode finger of IDT in 
a general precision as thickness of IDT ] it is less than 0.05, when it was going to 
set the propagation loss to 0, the range of the thickness which can form the 
electrode finger of IDT in a high precision was narrow, since still bigger thickness 
than H/lambda =0.033 was required. 

[0008] Furthermore, since thickness was further needed from Au when [ with a 
consistency smaller than Au ] IDT is formed, for example by using Ta, W, etc. as 
an electrode material, a propagation loss was not able to be set to 0 in the 
producible thickness range. 

[0009] Moreover, since a frequency differs in the slight variation of the thickness 
and the electrode digit of IDT, or an electrode finger pitch compared with the 
electrode material generally used for IDT of surface wave equipment like 
aluminum, after IDT production, the ingredient with large consistencies, such as 
Au, trims this IDT, and is adjusting the frequency. However, when lower than a 
desired frequency, as a result of having formed about [ H/lambda =0.034 ] IDT by 
Au, and performing such frequency regulation for example, thickness became 
smaller than H/lambda =0.033 and the problem of a propagation loss stopping 
being 0 also had it. 

[0010] In view of the above trouble, this invention can produce IDT with a 
sufficient precision, and the propagation loss in IDT and a piezo-electric 
substrate is about 0, and it aims at offering the surface wave equipment which 
can take the large adjustment width of face of frequency trimming. 
[0011] 

[Means for Solving the Problem] Then, an SH wave is excited by the surface 
wave equipment concerning claim 1 consisting of IDT formed on LiTa03 
substrate whose Eulerian angles are (0 degree, 125 degrees - 146 degrees, 0 
degree **5 degrees), and said LiTa03 substrate, and said IDT's consisting of an 
electrode material which uses Au as a principal component, and being formed in 



standardization thickness H/lambda =0.001-0.05. 

[0012] An SH wave is excited by the surface wave equipment concerning claim 2 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 140 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses Ag as a 
principal component, and being formed in standardization thickness H/lambda 
=0.002-0.05. 

[0013] An SH wave is excited by the surface wave equipment concerning claim 3 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 140 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses Ta as a 
principal component, and being formed in standardization thickness H/lambda 
=0.002-0.05. 

[0014] The surface wave equipment concerning claim 4 is formed on LiTa03 
substrate whose Eulerian angles are (0 degree, 125 degrees - 134 degrees, 0 
degree **5 degrees), and said LiTa03 substrate, and excites an SH wave by 
having IDT which excites an SH wave by forming the electrode material which 
uses Mo as a principal component by standardization thickness H/lambda 
=0.005-0.05. 

[0015] An SH wave is excited by the surface wave equipment concerning claim 5 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 137 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses Cu as a 
principal component, and being formed in standardization thickness H/lambda 
=0.003-0.05. 

[0016] An SH wave is excited by the surface wave equipment concerning claim 6 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 133 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses nickel as 
a principal component, and being formed in standardization thickness H/lambda 



=0.006-0.05. 

[0017] An SH wave is excited by the surface wave equipment concerning claim 7 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 147 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDTs consisting of an electrode material which uses Cr as a 
principal component, and being formed in standardization thickness H/lambda 
=0.003-0.05. 

[0018] An SH wave is excited by the surface wave equipment concerning claim 8 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 137 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses Zn as a 
principal component, and being formed in standardization thickness H/lambda 
=0.003-0.05. 

[0019] An SH wave is excited by the surface wave equipment concerning claim 9 
consisting of IDT formed on LiTa03 substrate whose Eulerian angles are (0 
degree, 125 degrees - 138 degrees, 0 degree **5 degrees), and said LiTa03 
substrate, and said IDT's consisting of an electrode material which uses W as a 
principal component, and being formed in standardization thickness H/lambda 
=0.002-0.05. 

[0020] Surface wave equipment according to claim 1 to 9 is used for the 
transmitter equipment concerning claim 10. 

[0021] By the above configurations, a leakage surface acoustic wave can obtain 
little small surface wave equipment and transmitter equipment of a propagation 
loss. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained using drawing. Drawing 1 is the top view of the surface wave 
resonator mentioned as surface wave equipment in which the 1st operation 
gestalt of this invention is shown. As shown in drawing 1 , the surface wave 
resonator 1 is constituted by forming reflectors 4 and 4 at one IDT3 and its both 



sides for example, on the piezo-electric substrate 2 which consists of LiTa03 
single crystal which is an Eulerian angle (0 degree, 126 degrees, 0 degree). 
[0023] The Kushigata electrode of a lot with which IDT3 uses at least one of Au, 
Ag, Ta, Mo, Cu, nickel, Cr, Zn, and W as a principal component is constituted by 
being arranged so that each ctenidium part may counter mutually. 
[0024] Moreover, the electrode finger which constitutes the ctenidium part of 
IDT3 is set up so that the standardization thickness H/lambda may become less 
than 5%. That is, it is set up so that it may become the range of H/lambda 
(electrode thickness / wavelength of SH wave excited) <=0.05. This is the range 
which can form an electrode finger with a sufficient precision. 
[0025] Next, the 2nd operation gestalt of this invention is explained. Drawing 2 is 
the top view of the vertical joint mold surface wave filter mentioned as surface 
wave equipment in which the 2nd operation gestalt of this invention is shown. As 
shown in drawing 2 , the vertical joint mold surface wave filter 1 1 is constituted by 
forming reflectors 14 and 14 at two IDT(s) 13a and 13b and the both sides of 
those for example, on the piezo-electric substrate 12 which consists of LiTa03 
single crystal which is an Eulerian angle (0 degree, 126 degrees, 0 degree). 
[0026] IDT13 is formed with the electrode material which uses at least one of Au, 
Ag, Ta, Mo, Cu, nickel, Cr, Zn, and W as a principal component, and the 
Kushigata electrode of a lot is constituted by being arranged so that each 
ctenidium part may counter mutually. Moreover, IDT(s) 13a and 13b separate 
fixed spacing in the surface wave propagation direction, and are arranged in it in 
parallel. Also in the gestalt of this operation, the electrode finger which 
constitutes the ctenidium part of IDT(s) 13a and 13b like the gestalt of the 1st 
operation is set up so that the standardization thickness H/lambda may become 
less than 5%. That is, it is set up so that it may become the range of H/lambda 
(electrode thickness / wavelength of SH wave excited) <=0.05. This is the range 
which can form an electrode finger with a sufficient precision. 
[0027] Next, the 3rd operation gestalt of this invention is explained. Drawing 3 is 
the top view of the horizontal joint mold surface wave filter in which the 3rd 



operation gestalt of this invention is shown. As shown in drawing 3 , the 
horizontal joint mold surface wave filter 21 is constituted by forming Reflectors 
24a and 24b at two IDT(s) 23a and 23b and the both sides of those for example, 
on the piezo-electric substrate 22 which consists of LiTa03 single crystal which 
is an Eulerian angle (0 degree, 126 degrees, 0 degree). 
[0028] IDT(s) 23a and 23b are formed with the electrode material which uses at 
least one of Au, Ag, Ta, Mo, Cu, nickel, Cr, Zn, and W as a principal component, 
and the Kushigata electrode of a lot is constituted by being arranged so that each 
ctenidium part may counter mutually. Moreover, IDT(s) 23a and 23b are put in 
order in the direction perpendicular to the surface wave propagation direction. 
Also in the gestalt of this operation, the 1st and the electrode finger which 
constitutes the ctenidium part of IDT(s) 23a and 23b like the gestalt of the 2nd 
operation are set up so that the standardization thickness H/lambda may become 
less than 5%. That is, it is set up so that it may become the range of H/lambda 
(electrode thickness / wavelength of SH wave excited) <=0.05. This is the range 
which can form an electrode finger with a sufficient precision. 
[0029] Next, the 4th operation gestalt of this invention is explained. Drawing 4 is 
the top view of the ladder mold surface wave filter mentioned as surface wave 
equipment in which the 4th operation gestalt of this invention is shown. As shown 
in drawing 4 , the ladder mold surface wave filter 31 is constituted by forming 
Reflectors 34a and 34b at IDT(s) 33a and 33b and the both sides of those for 
example, on the piezo-electric substrate 32 which consists of LiTa03 single 
crystal which is an Eulerian angle (0 degree, 126 degrees, 0 degree). 
[0030] IDT(s) 33a and 33b are formed with the electrode material which uses at 
least one of Au, Ag, Ta, Mo, Cu, nickel, Cr, Zn, and W as a principal component, 
and the Kushigata electrode of a lot is constituted by being arranged so that each 
ctenidium part may counter mutually. Moreover, IDT33a is allotted to a serial arm 
and IDT33b is constituted by the ladder mold by being allotted to a juxtaposition 
arm. Also in the gestalt of this operation, the electrode finger which constitutes 
the ctenidium part of IDT(s) 33a and 33b like the gestalt of the 1-3rd operations is 



set up so that the standardization thickness H/lambda may become less than 5%. 
That is, it is set up so that it may become the range of H/lambda (electrode 
thickness / wavelength of SH wave excited) <=0.05. This is the range which can 
form an electrode finger with a sufficient precision. 

[0031] Next, the 5th of this invention and the gestalt of the 6th operation are 
explained. Drawing 5 is the block diagram of the transmitter equipment in which 
the common machine in which the gestalt of operation of the 4th of this invention 
is shown, and the 5th operation gestalt of this invention are shown. 
[0032] As shown in drawing 5 , transmitter equipment 41 is constituted by 
connecting to an antenna 45 the antenna terminal of the common machine 44 
which has the surface wave filter 42 for reception, and the surface wave filter 43 
for transmission, connecting an output terminal to a receiving circuit 46, and 
connecting an input terminal to a sending circuit 47. Either of the surface wave 
filters 11-21 of the gestalt of the 2nd - the 4th operation or its combination is used 
for such the surface wave filter 42 for reception of the common machine 44 and 
the surface wave filter 43 for transmission. 

[0033] Next, standardization thickness H/lambda (electrode thickness / 
wavelength of an SH wave excited) of IDT of this invention is explained using an 
example. Drawing 6 is drawing which standardization thickness H/lambda 
(electrode thickness / wavelength of an SH wave excited) on a piezo-electric 
substrate including the case where an electrode is not formed on the LiTa03 
single-crystal piezo-electricity substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree) was changed among 0.00-0.05, and looked at the variation 
rate of a propagation loss. In addition, an electrode is the thing of a short circuit 
condition electrically. 

[0034] Although it is in the inclination whose propagation loss increases gradually 
as are shown in drawing 6 , and every ingredient thickens thickness, compared 
with the conventional Love wave filter shown in drawing 12 as the continuous line, 
it is clear that it is a small value, moreover, if compared with the propagation 
losses of the Love wave filter of the former shown in drawing 12 R> 2 as the 



continuous line since a propagation loss was 0.04 dB/lambda extent even if it is 
that case, although the propagation loss is getting [ in / as shown in drawing 6 R> 
6 / Au ] worse most at the time of H/lambda =0.025 being 0.32 dB/lambda at 
H/lambda = 0.025:00, and it being a 0.7dB propagation loss at the time of max, it 
will be markedly alike, and the propagation loss is good. 
[0035] Next, drawing 7 is drawing which standardization thickness H/lambda 
(electrode thickness / wavelength of an SH wave excited) on a piezo-electric 
substrate including the case where an electrode is not formed on the LiTa03 
single-crystal piezo-electricity substrate of an Eulerian angle (0 degree, 126 
degrees, 0 degree) was changed among 0.00-0.05, and looked at the variation 
rate of a propagation loss. In addition, an electrode is the thing of an open 
condition electrically. 

[0036] Although it is in the inclination whose propagation loss increases gradually 
as are shown in drawing 7 , and every ingredient thickens thickness, compared 
with the conventional Love wave filter shown in drawing 12 by the dotted line, it is 
clear that it is a small value, moreover, if compared with the propagation losses 
of the Love wave filter of the former shown in drawing 1212 by the dotted line 
since a propagation loss was 0.142 dB/lambda extent even if it is that case, 
although the propagation loss is getting [ in / as shown in drawing 7 R> 7 / Au ] 
worse most at the time of H/lambda =0.029 being 0.8 dB/lambda at H/lambda = 
0.029:00, and it being a 1.1 8dB propagation loss at the time of max, it will be 
markedly alike, and the propagation loss is good. 

[0037] These are because the SH wave with a very small propagation loss is 
used with the surface wave equipment of this invention to the Love wave being 
excited with LiTa03 substrate of the conventional Eulerian angle (0 degree, -90 
degrees, 0 degree). Although Au explained here, since the same SH wave can 
be used also not only in Au but in other Ag, Ta, Mo, Cu, nickel, Cr(s), Zn, Pt(s), 
W, etc., a propagation loss as well as the case where it is Au is improved. 
[0038] In addition, the thickness which can use an SH wave good with the 
surface wave equipment of this invention It differs with each electrode material. 



In Au, case H/lambda=0.002- of H/lambda =0.001 - Ag, In the case of Ta, case 
H/lambda=0.005- of H/lambda =0.002 - Mo, In Cu, in case H/lambda=0.006- of 
H/lambda =0.003 - nickel, and Cr, if a propagation loss and an electromechanical 
coupling coefficient are taken into consideration, the thickness beyond these 
values is suitable [ in the case of H/lambda =0.003 - Zn, it is case 
H/lambda=0.002- of H/lambda =0.003 - W, and ]. 

[0039] Drawing 8 is the property Fig. showing change by the thickness of the 
electromechanical coupling coefficient in each electrode material. In addition, 
about the substrate ingredient, or a cut angle and the propagation direction, the 
thing of drawing 6 and the same value as 7 is used. As shown in drawing 8 , 
even if it uses which metallic material, it turns out that the comparatively large 
electromechanical coupling coefficient is obtained. Moreover, as shown in 
drawing 8 , compared with a metallic material with small specific gravity, the 
direction of a metallic material with other large specific gravity has an 
electromechanical coupling coefficient large like aluminum. 
[0040] Drawing 9 and drawing 10 are the property Figs, showing the cut angle 
theta from which electrode layer thickness and a propagation loss are set to 0. 
The electrode shows electrically the cut angle theta from which a propagation 
loss [ in / an electrode drawing 9 , and / in drawing 10 / an open condition ] is 
electrically set to 0. [ a short circuit condition ] A part with an electrode finger and 
the part which is not exist, and actual IDT serves as drawing 9 and a property 
between drawing 10 by the metallization ratio. In addition, a cut angle is made 
into (0 degree, theta, 0 degree **5 degrees) by Eulerian angle display (phi, theta, 
psi), and is changing theta. psi shows the propagation direction and an about **5- 
degree error is error extent in tolerance in a propagation loss. 
[0041] Drawing 9 and drawing 10 show that the cut angles which can realize a 
propagation loss 0 are (0 degree, 125 degrees - 146 degrees, 0 degree **5 
degrees) in an Eulerian angle display (phi, theta, psi), when Au is used for 
electrodes, such as IDT. 

[0042] Moreover, when Ag is used for electrodes, such as IDT, it turns out that 



the cut angles which can realize a propagation loss 0 are (0 degree, 125 degrees 
- 140 degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0043] When Ta is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 140 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0044] When Mo is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 134 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0045] When Cu is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 137 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0046] When nickel is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 133 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0047] When Cr is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 147 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0048] When Zn is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 137 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0049] When W is used for electrodes, such as IDT, it turns out that the cut 
angles which can realize a propagation loss 0 are (0 degree, 125 degrees - 138 
degrees, 0 degree **5 degrees) in an Eulerian angle display (phi, theta, psi). 
[0050] Therefore, the surface wave equipment whose propagation loss is about 0 
can be obtained by using LiTa03 substrate of the cut angle shown in such 
drawing 9 and drawing 10 , and the electrode material of such thickness. 
[0051] In addition, although the gestalt of the 1st - the 6th operation of this 
invention explained the surface wave equipment which has a reflector, it does not 
restrict to this and can apply also to surface wave equipment without a reflector. 
[0052] 



[Effect of the Invention] As mentioned above, since the SH wave with few 
propagation losses was excited by constituting IDT for an electrode material with 
large specific gravity, such as Au, Ag, Ta, Mo, Cu, nickel, Cr, Zn, Pt, and W, from 
suitable thickness on the LiTa03 substrate of a suitable Eulerian angle according 
to this invention and a leakage surface acoustic wave component decreases, 
surface wave equipment with a small propagation loss is obtained. 
[0053] Moreover, since a propagation loss is set to about 0 from the phase where 
thickness is very thin, even if it trims IDT and changes thickness for frequency 
regulation, a propagation loss does not deteriorate sharply like the conventional 
technique, and the large adjustment width of face of frequency trimming can be 
taken. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the surface wave resonator for explaining the 1st 
operation gestalt. 

[Drawing 2] It is the top view of the vertical joint mold surface wave filter for 
explaining the 2nd operation gestalt. 



[Drawing 3] It is the top view of the horizontal joint mold surface wave filter for 
explaining the 3rd operation gestalt. 

[Drawing 4] It is the top view of the ladder mold surface wave filter for explaining 
the 4th operation gestalt. 

[Drawing 5] It is the block diagram of the transmitter equipment for explaining the 
5th and 6th operation gestalt. 

[Drawing 6] The electrode of the surface wave equipment concerning this 
invention is the property Fig. showing standardization thickness H/lambda of IDT 
in a short circuit condition, and the relation of a propagation loss electrically. 
[Drawing 7] The electrode of the surface wave equipment concerning this 
invention is the property Fig. showing standardization thickness H/lambda of IDT 
in an open condition, and the relation of a propagation loss electrically. 
[Drawing 8] It is the property Fig. showing standardization thickness H/lambda of 
IDT of surface wave equipment and the relation of an electromechanical coupling 
coefficient concerning this invention. 

[Drawing 9] The electrode of the surface wave equipment concerning this 
invention is the property Fig. in which standardization thickness H/lambda and 
the propagation loss of IDT of a short circuit condition show the relation of the cut 
angle set to 0. 

[Drawing 10] The electrode of the surface wave equipment concerning this 
invention is the property Fig. showing standardization thickness H/lambda of IDT 
of an open condition, and the relation of an electromechanical coupling 
coefficient. 

[Drawing 11] It is the property Fig. showing standardization thickness H/lambda 
of IDT of conventional surface wave equipment, and the relation of an 
electromechanical coupling coefficient k. 

[Drawing 12] It is the property Fig. showing standardization thickness H/lambda 
of IDT of conventional surface wave equipment, and the relation of a propagation 
loss. 

[Description of Notations] 



1 Surface Wave Resonator 

2 Piezo-electric Substrate 

3 IDT 

4 Reflector 
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0 , </> ) "C (0° , 1 2 5° — 1 4 0° , 0° ±5° ) 

[004 4] I DT^tilCMo fcffll^»*J4, 
0, 0)T*(O°, 1 2 5° — 13 4°, 0°±5°) 

[0 0 4 5] IDT«(Otffil-CuS:fflV^»*lt fi 

0, 0) T* (0° , 1 2 5° -1 3 7° , 0° ±5° ) 

[0 0 4 6] I DT^com^i-N i 
50 »a5fe0A««aHl*5*y hft»4*-f (*, 
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0, 0)T*(O°, 125° -133° , 0°±5°) 

[0 0 4 7] I DT^<omm\CC r Srffl^fca^li, <5 
»a*0dS3imHi*5*y (0, 
0, 0) "C (0° , 125° -147° , 0° ±5° ) 

[0 0 4 8] IDT^lffi|CZnS:ffl^fcS^{l fi 
0, 0) T' (0° , 125°— 137°, 0° ±5° ) 

[0 0 4 9] I DT«E^«««c:W*ffl^^4i^tt, fi» 

0, 0) "C (0° , 125° -138° , 0° ±5° ) 

[0 0 5 0] Lfc^oT, d<D£ 2#0 9&T>*0 1 0 Id 
TntStltL* y hft<DL i T a OsgtO^COcfc 5 

[oo5i] jeanatt i -ss 6 <nmmmmx- 

[0 0 5 2] 

[«W<^Sb*l SJL±<o£5\c % Kftmcxini^ 

^7-^C0L iTa03Sfi±^ Au, Ag, T 
a, Mo, Cu, Ni, Cr, Zn, Pt, W^CDJtS 

<d± # i '«tttm& tt«JttK*-c i d t 

ld£ 9 C««ifeO*ftV^S Hj££|jMii~<5 «fc 5 Id Lfctf) 

[0 0 5 3] £fc, KJ?^ffi»v^pg^^e»«^5|j 
tfo i45o^ m$L$cmm<DtiMc i dt^ h y * > 



[Ell] ^l^lgJfi^ffiSrlftWi-S^^tO^ffift*!!^ 

<t>¥B0T'£>6 o 

[0 2] »2 0||]fe«flk«:R^«^»OfK«'fr9«]E 

[HI 3] «3 0|klk»tt«rRn-r5«:»«>4ntt«SXiE 
»:7>r/u*tO¥B0-C*>-5o 
[04] *4(03ll6Jg|gS:R^i-5fc«)(0 7^-S!*DB 

W [115] »5, at6O%%^tt«rRni-S^«><0iifflrflt 

[0 6] *3SMtd«s«ffi«[3g«^«fli^««W«dfi» 
*«ll!:*jltS I DT^a»{bBI«CH/^ te«B!H*^BB 

[0 7] *«M(dffi5*ffi»36a<o««^««W«cBB» 

[0 8] *XHlcff*«Bttttlt0> I DT^SMII 
d 20 [0 9] MR^ff 6*Btt«IIKo«tt^«l»ttli^ I 

0 N«g «: ^-r«M± 0 -o & 5 . 

[010] **Wld«5*B»SSR^««3&SBB»ttffio 

1 DTO««ffl|H/il 

[011] ^*<7)^®&^M(D I DT^Ife«fH/ 

[012] «#<z>sb«3SR0> i dt (Dmrntmrnu/ 

30 [«F»©KB] 

1 «BJK*«^ 

2 jEms^ 



3 
4 



I DT 



[01] 



[0 2] 



[05] 



4 



£23 



VZZZZZZZA 



T 



1 
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[06] 
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0.20 
0.18 
0.16 
^0.14 
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S0.10 



34a 



§0.06 
0.04 
0.02 



0.00 
0.00 




24b 



0.00 
0.00 



0.00 



23b 



0.01 0.02 0.03 



[H8] 



0.04 



0.05 



[17] 



0.325 




0.01 0.02 0.03 

mteitmm ch/a] 



0.04 



0.05 



0.02 0.03 0.04 



! 1 2] 



0.05 




0.02 0.04 0.06 

mteitmm ch/a] 



0.10 



0.02 0.04 0.06 
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